The presence or absence of metastasis has critical implications for therapeutic decision-making in urothelial cancer (UC). Conventional magnetic resonance imaging (MRI) utilizing anatomic T1-and T2-weighted images has modest efficacy in detecting lymph node and distant metastases in UC. However, incorporation of functional techniques including diffusion weighted imaging and dynamic contrast-enhanced imaging, may improve the accuracy of lesion detection and staging. Multiparametric (mp)MRI is widely used in the imaging of prostate and breast cancers, though its usefulness in UC has yet to be fully elucidated. The present study reports on mpMRI in the context of two cases of bladder and ureteral cancer, and imaging results with pathological diagnosis.
Introduction
Conventional magnetic resonance imaging (MRI) has limited value in the diagnosis of lymph node or distant metastasis in patients with urothelial cancer. Multiparametric (mp)MRI is widely used in the imaging of prostate cancer (1) . mpMRI is also gaining ground for detecting and diagnosing breast cancer (2) . However, there are scanty reports on the use of mpMRI in urothelial cancer (UC) (3) . In the present study we describe the visualization of primary tumors and lymph node metastasis in two cases of UC. It is expected that mpMRI can improve the sensitivity and specificity of UC imaging. MRI requires no X-ray exposure and thus may be repeated frequently during follow-up while maintaining minimal radiation exposure to patient. MRI is becoming increasingly available, and the cost of mpMRI is only 1.5 times higher than that of contrast-enhanced computed tomography (CT) in Japan, and thus it does not result in a markedly higher financial burden for patients or for the medical insurance system in general.
Case reports
Written informed consent was obtained from all of the patients and their families. Case 1 was a 78-year-old male who underwent transurethral resection (TUR) for a bladder tumor in February 2016 at Yamagata Tokushukai Hospital. Pathological diagnosis was UC, pT1, low-grade. The surgery was followed by intravesical instillation of farmorubicin. In June 2016, intravesical recurrence was suspected based on results of cystoscopy and urinary cytology (class V). In June 2016, CT identified an 8 mm left internal iliac lymph node (Fig. 1A) . Imaging diagnosis of metastasis was not performed because of the shape and size of the lymph node. Dynamic contrast-enhanced MRI (DCE) revealed a highly enhanced lesion and a diagnosis of lymph node metastasis was made ( Fig. 2A-C) . The same CT revealed whole bladder wall thickness (Fig. 1B) but did not provide enough data to confirm the diagnosis of residual tumor. On the other hand, mpMRI revealed residual bladder cancer (Fig. 2D-G) .
Peritoneum preserving retrograde radical cystectomy (4) with pelvic lymph node dissection and bilateral ureterocutaneostomy was performed in June 2016. Pathological diagnosis was UC, high-grade muscle-invasive bladder cancer (pT2) and left internal iliac lymph node metastasis (Fig. 3A) . The patient received six courses of adjuvant chemotherapy with gemcitabine and carboplatin (5) and was of 'no evidence of disease' 23 months after radical cystectomy.
Case 2 was a 65-year-old male. In August 2016, TURBT was performed for a bladder tumor located around the left ureteral orifice at Yamagata Tokushukai Hospital; and the left ureter orifice was deeply resected. In September 2016, CT revealed lеft terminal ureter dilatation (Fig. 1C) (Fig. 4) . In February 2017, partial resection of the left terminal ureter was performed and the pathological diagnosis was UC, high-grade, pT2 ( Fig. 3B-D) .
Discussion mpMRI in prostate and breast cancers improves diagnostic accuracy, eliminates the need for biopsies, and enables improved assessment, image-guided biopsy targeting and prediction of response to neoadjuvant therapy (1, 2) . In bladder cancer patients, staging and postoperative follow-up depends on CT scan data. However, the sensitivity and specificity of CT imaging in detecting lymph node metastasis are relatively low, and regular CT scans result in an accumulation of radiation. Lymph node metastasis not resulting in significant lymph node enlargement typically results in false-negative results while enlarged non-metastatic lymph nodes lead to false-positive results in CT scanning. For early diagnosis of pelvic lymph node metastasis in bladder cancer, our group has previously performed bipedal lymphography and percutaneous fine needle aspiration biopsy (FNAB) of pelvic lymph nodes. In a series of 200 bladder cancer patients at Yamagata Prefectural Central Hospital, a diagnosis of metastasis to the pelvic lymph nodes was determined by this method in 34 patients (17%). Of these 34 patients, only 12 (35%) were positive or suspected of having pelvic lymph node metastasis by CT scan. A total of 16 patients (47%) exhibited positive or highly suspected positive lymphogram and 18 patients (53%) exhibited normal lymphogram. A total of 78 cases, including 8 FNAB-positive cases, were treated by radical cystectomy and regional lymph node dissection. The sensitivity, specificity, positive predictive value and negative predictive value of FNAB were 57, 100, 100 and 91%, respectively (6) . With FNAB, cytopathological diagnosis is possible; however, this technique is complex, time consuming and exposes patients to ionizing radiation. On the other hand, bipedal lymphography could not visualize obturator or internal iliac lymph nodes. mpMRI may improve the accuracy of tumor detection and staging without the risk of exposure to ionizing radiation. Additionally, mpMRI is a more feasible technique than FNAsB for the pelvic lymph node and may be performed regularly on an out-patient basis. For high-grade non-muscle invasive bladder cancer (NMIBC) and muscle invasive bladder cancer (MIBC), MRI may detect and stage tumors with high sensitivity and specificity (7) . mpMRI has demonstrated high diagnostic accuracy in differentiating NMIBC from MIBC and organ-confined disease from non-organ confined disease (8) ; exceeding that of T2 weighted imaging (T2W) or diffusion weighted imaging (DWI)-MRI used alone (8) . Compared with CT, MRI offers improved soft-tissue resolution, making it easy to distinguish between NMIBC and MIBC. It has even been proven to be superior to CT in identifying bladder-wall invasion (7) . There are a number of reports on the usefulness of mpMRI for the detection of tumor recurrence (9) and differentiation of non-muscle invasive UC from muscle-invasive UC (10,11). Afifi et al (8) reported on the usefulness of mpMRI in detecting metastatic lymph nodes. The largest size of the metastatic lymph nodes detected was 42 mm, and lymph nodes with low apparent diffusion coefficient values were considered positive (8) . However, in general, data on lymph node staging from mpMRI remains limited.
Both patients reported presently underwent mpMRI prior to tumor resection. A total of 4 MRI setsT2W + perfusionweighted imaging (PWI), T2W + DWI, T2W + DWI + PWI and T2W + DWI + PWI + diffusion tensor imaging (DTI) were interpreted qualitatively. PWI, DWI and DTI were also analyzed quantitatively. Accuracy was determined using histopathology as the reference standard. Thus, mpMRI may provide qualitative and quantitative information on the tumor microenvironment beyond traditional tumor size measures and/or morphological assessments.
pMRI was useful for the diagnosis of pelvic lymph node metastasis of bladder cancer and invasive lower ureteral tumor. mpMRI with DWI and DTI has the potential to become a reliable staging tool for invasive bladder cancer and lower ureteral cancer, and to diagnose metastasis of pelvic lymph nodes when the lymph node is not significantly enlarged.
